The aim of this study was to investigate the influence of spatial variation in river channels and habitats on the distribution of fish communities in the headwater streams of the Jaú River System, a blackwater tributary of the Negro River. Collections and measurements were made in 34 headwater streams during the period of November-December, 1998. Fish were captured with fish traps and hand nets along standard reaches of two meanders. Data on benthic habitat structure, stream depth and width were collected along lateral transects in each sample reach. A total of 66 fish species from 24 families were collected and classified into seven trophic guilds: allocthonous insectivore, autochthonous insectivore, general insectivore, piscivore, detritivorous planktivore, detritivorous insectivore and insectivorous piscivore. Variations in the distribution and diversity of bottom substrates were important factors influencing fish community structures in these systems. Also, variation in stream size explained the observed variability in fish communities.
Introduction
The variation in channel width is a key factor that influences the distribution of submerged branches, trunks and fine litter as well as the availability of light and the distribution of aquatic vegetation and fauna along the fluvial system (Cummins, 1974; Conners and Naiman, 1984; Walker, 1987) . The canopy cover of streams has a strong influence on stream environment and is essential for maintaining water quality and species diversity (Walker, 1985 (Walker, , 1990 Bojsen and Barriga, 2002) . The smaller the stream, the more dependent the biota is on leaf litter habitats and allocthonous energy derived directly or indirectly from the forest (Minshall et al., 1983) .
Studies of fish communities in temperate and tropical streams have shown that most species tend to occur in a restricted number of habitats (Zaret and Rand, 1971; Saul, 1975; Soares, 1979; Vianna, 1989; Rinne, 1992; Silva, 1993) . Choosing a place to live depends on food availability, tolerance to physical or chemical factors, and predation intensity (Rinne, 1992) . Caramaschi (1986) found that fish distribution in the small streams of the Tietê Basin were linked to physical characteristics of the channel and the heterogeneity of benthic substrates. The diversity and abundance of stream fish communities has also been associated with physical characteristics of the fluvial environment (Gorman and Karr, 1978; Moyle and Vondracek, 1985; Magalhães et al., 2002; Pouilly et al., 2006; Romanuk et al., 2006) . In a study of a fish community of the Owego Creek, in New York, Sheldon (1968) concluded that variation in channel depth of stream habitats controlled the longitudinal distribution and diversity of fish assemblages.
Fish communities can be described in terms of their trophic structure and habitat associations (Uieda, 1984; Caramaschi, 1986; Sabino and Castro, 1990; Bojsen and Barriga, 2002; Pouilly et al., 2006) . Fish diversity has been connected with habitat complexity in studies of the Central Amazon (Araújo-Lima et al., 1998) . Trophic guilds are population groupings with the same feeding behaviour (Poff and Allan, 1995; Pouilly et al., 2006) , and defined by both diet and feeding strategy (Knöppel, 1970; Zaret and Rand, 1971; Gorman and Karr, 1978; Gatz, 1979; Bowen, 1984; Zaret, 1984; Lowe-McConnel, 1987; Silva, 1993; Arcifa and Meschiatti, 1993) . The feeding habits of some fishes vary according to the habitat (Silva, 1993; Bojsen and Barriga, 2002) . Many fish are associated with particular habitats and consume food items limited in distribution to these environments (Zaret and Rand, 1971) . Studies on the structure of fish communities in headwater streams are relatively scarce from the Amazon region due to the inaccessibility of these systems. The fish communities in these environments tend to be highly diverse and endemic (Menezes, 1996) making their study critical to regional conservation planning. The objective of the present study was to investigate the influence of variation in the bottom substrate and physical-chemical characteristics of channels on the trophic structure of fish communities in the headwater streams of the Jaú River at the beginning of the flooding period.
Site Characterisation
The Jaú River is a blackwater tributary of the Negro River, located between Moura and Novo Airão cities in the Central Amazon. This river is 300 km long and drains 10,000 km 2 of largely undisturbed lowland tropical forest growing on Tertiary sediments of fluvio-lacustrian origin (Sioli, 1984) . The Jaú basin is completely enclosed in the Jaú National Park (FVA, IBAMA, 1998) . The climate in the study region is humid tropical with temperatures varying between 22 and 33 °C and annual rainfall varying between 1700 and 2500 mm. Rainfall is seasonal with a distinct rainy period extending from November to June and a dry period extending from July through October. Rainfall is the heaviest in March, with an average of 350 mm, and the lightest in November, with an average of 140 mm (FVA, IBAMA, 1998) . Thirty-four headwater streams of the Jaú River were sampled in the present study (Figure 1 ). Most were acid black water streams with high concentrations of humic and fulvic acids derived from sandy hydromorphic podsols (Marien, 1995) . However, there were also a small number of less acid clear water streams, which drained predominantly lateritic soils and had much lower concentrations of organic acids (Leenheer, 1980) . The pH of the study streams varied from 3 to 5.5, water temperature varied between 23 and 26 °C, channel width ranged between 0.3 and 8.0 metres and channel depth varied from 0.3 to 1.7 metres.
Material and methods
Samples were collected from streams between November 1 and December 31 of 1998. All streams were sampled along a reach containing two complete meanders to guarantee that most stream habitats would be well represented. Water quality parameters (dissolved oxygen (DO), temperature, pH and conductivity) were determined at a central point along the sample reach. DO concentrations and temperature were determined with a Yellow Springs Instrument model 58 polarographic oxygen probe/thermister. Conductivity was estimated with VWR portable conductivity meter (model 2052), and pH was determined with an Orion model 510 pH meter equipped with a Ross type probe for low ionic strength waters. Channel width was measured along ten equidistant lateral transects with the aid of a measuring line. Stream depth and bottom substrate were also determined at 10 cm intervals across each transect. Bottom substrates were classified in six categories: leaves, sand, trunks, mud, roots and rocks. Data on bottom substrates from all transects were used to estimate the average percentage of each substrate cover and habitat diversity for each reach. Habitat diversity and fish diversity were calculated using the Shannon and Weaver diversity index (1949) .
Both hand dip nets and traps were cylindrical with a conical entrance fabricated from two liter PET bottles and were used to collect fish. Twelve fish traps, baited with meat or prey fish, were distributed randomly along each sampling reach and exposed for 24 hours. After removing the traps, 30 random samples were collected along the same reach with a dip net. A simple aggregated sample, including fishes from all traps and nettings was obtained for each stream and stored in 100 ml glass jars in 70% alcohol. Fish were anesthetised with dissolved ether before being killed in order to reduce suffering.
In the laboratory, the gut content of up to 20 adult individuals of each species was examined under a stereo microscope and classified into one of the following trophic guilds based on stomach content analyses (biovolume). The biovolume method was used adapted from Esteves and Galetti Junior (1995) . The percentage of dominant food (% DF) was calculated considering the occupied area using a milimetric dish. The trophic-guild determination was based on the dominant food (more than 60% of disk area). Allocthonous insectivore (fish which eat terrestrial insects falling from riparian vegetation), autochthonous insectivore (fishes which eat insects which live in the stream), general insectivore (fishes which eat both aquatic and terrestrial insects), piscivore (fishes which eat exclusively fish), detritivorous planktivore (fishes which eat algae, bacteria, fungi and detrital organic matter), detritivorous insectivore (fishes which eat algae, bacteria, fungi, detrital organic matter and terrestrial and aquatic insects) and insectivorous piscivores (fishes which eat terrestrial and aquatic insects and fish). The fish community was directly observed while snorkelling (in the streams where depth allowed). Observation sessions lasted 15 minutes each, totalling approximately 2 hours of underwater observation per stream. During dives, visual census was used to help to determine spatial distribution and feeding behaviour.
Physical, chemical and substrate variables were aggregated into orthogonal axes using Multidimensional Scaling, in order to identify the most important parameters contributing to environmental variation. The influence of these environmental variations on guild abundance and fish species diversity were then investigated through Simple Linear Regression (Sneath and Sokal, 1973) .
Results
Fish were collected in 34 streams and the most numerically abundant family was Characidae with 568 individuals in one stream. The least representative families with only one capture each were Electrophoridae, Nandidae and Ctenoluciidae (Table 1) . Seven trophic guilds of stream fishes were identified: allocthonous insectivore, autochthonous insectivore, general insectivore, piscivore, detritivorous planktivore, detritivorous insectivore and insectivore piscivore. Allochthonous insectivore was the largest group in number, represented by the families: Characidae, Lebiasinidae and Gasteropelecidae. The largest biomass was found for general insectivore, represented by the families: Cetopsidae, Erythrinidae and Cichlidae. The autochthonous insectivore included the Characidiidae, Eleotrididae, Rivulidae, Trichomycteridae, Polycentridae, Curimatidae and the Gymnotiforms (Sternopygidae, Hypopomidae and Gymnotidae). The family Erythrinidae was the principle representative of the insectivorous piscivore. Piscivore were only encountered in ten streams and included the families: Synbranchidae, Characidae, Electrophoridae, Ctenoluciidae and Nandidae. The families Crenuchidae, Callichthyidae, Scoloplacidae and Pimelodidae represented the detritivorous insectivore. Detritivorous planktivore was the second largest group numerically and included the families Cichlidae, Doradidae and Auchenipteridae (Table 2) .
The degree of co-variation among independent variables was investigated initially using correlation matrices. For the eight physical-chemical variables utilised (pH, conductivity, water temperature, volume of the stretch, depth and width of the stream, water flux, dissolved oxygen) we obtained 15 significant correlations, indicating a high degree of covariation among them (Table 3 ). All the physical variables of the canal presented significant correlation with dissolved oxygen, with the exception of pH. We also found four significant correlations among bottom substrate types (leaf + sand, leaf + rock, rock + trunk and mud + trunk). Analysing all independent variables together, we encountered 34 significant correlations, including interactions between the substratum and channel morphology. To reduce the degree of co-variation among independent variables and the degrees of freedom of the final statistical analyses, ordinal orthogonal axes were derived from 14 original independent variables. Two axes explained the majority of the environmental variations encountered in these streams. Axis one was strongly correlated with channel morphology and dissolved oxygen. It was also significantly influenced by two benthic substrate components (percentage of leaf and sand cover). This axis represented the systematic change in morphology canal and habitats. Axis two, in turn, was highly influenced by two bottom substrate components, sand and leaf cover, which contributed positively and negatively to the axis, respectively. This axis represented the variation in bottom substrates, independent of stream size. Only four parameters were significantly correlated with these two orthogonal axes (channel depth, channel width, and sand and leaf cover), they were used as independent variables in subsequent linear regression analyses with abundance of fish guilds. The biomass of allocthonous insectivore increased in channels with a higher percentage of sandy bottom substrate (Figure 2a) . Detritivorous insectivore biomass, in contrast, increased significantly in channels with a higher percentage of leaf substrate (Figure 2b ). General insectivores tended to increase in streams with higher proportions of leafy substrate too (Figure 2c ). The abundance of allocthonous insectivore increased significantly with both channel width and depth (Figuress 3a, 3b, 3e, and 3f) . The number of piscivorous and the biomass of autochthonous insectivore also increased with depth (Figures 3c and 3d ). Significant relationships were found between benthic habitat diversity and fish diversity (Figure 4a ), general insectivore's biomass (Figure 4b ), autochthonous insectivore number (Figure 4c) , and detritivorous insectivore biomass (Figure 4d ).
Family

Discussion and Conclusion
The physical characteristics vary systematically along the stream size, and this gradient results in a continuum biotic adjustment which was predicted by the River Continuum Concept (Vannote et al., 1980) . The physical characteristics of each stream including current speed, channel width and depth, log dam size and frequency and meander size were combined to create a complex mosaic of habitats which influence the trophic structure, diversity and composition in aquatic invertebrate communities (Cargnin-Ferreira and Forsberg, 2000) .Also many of these physical characteristics make predictions about the headwater stream's ichthyofauna (Magalhães et al., 2002; Pouilly et al., 2005; Romanuk et al., 2006) . In this study, the distributions of fish guilds were influenced by local variations in the presence, abundance and diversity of bottom substrates.
According to Vannote et al. (1980) , as stream size increases, the reduced importance of terrestrial organic input coincides with significant enhancement of autochthonous primary production and organic transport from upstream. Leaf and sand bottom substrates were identified as the most important habitats in this study. The frequent association of certain trophic guilds with these substrates demonstrates its importance to fish communities of the headwaters. These habitats were found to have differing quantities and when one was abundant the other one was scarce. This was in agreement with Vannote et al. (1980) : the first order systems showed an abundance of leaves and fine detritus, which decreased with the increasing size of the channel.
Detritivorous insectivore were found in leafy substratum, which contained fine detritus, fungi and a rich invertebrate fauna, that served as the predominant food base for this group. However, the sandy bottom substrates preferred by allocthonous insectivores offer few refuges for insect prey, which presumably facilitates their visualisation, and capture both at the surface and the bottom of the water column (Flecker and David Allan, 1984) ; there appears to be some disagreement with this concept, because the larger the size of the channel the lower the significance of allochthonous items. General insectivores used a passive "sit and wait" strategy, camouflaging themselves among the leaves and the bottom detritus while waiting for prey (A. Kemenes, personal observation). This sedentary cryptic behaviour explains its preference for leafy substratum and small headwater streams. The positive association encountered between piscivore numbers and stream size could be linked to the large body size of many piscivores that deterred them from gaining access to the smaller streams.
One of the principal hunting strategies adopted by the allochthonous insectivores was to diminish their mobility and maintain a homogenous spatial distribution in order Figure 2 . Relationship between % benthic sand cover and A) allocthonous insectivore biomass, and relationship between % benthic leaf cover and B) detritivore insectivore biomass, and C) general insectivore biomass.
to cover as much space as possible while waiting for insects to fall from the forest. In contrast, autochthonous insectivores actively looked for their prey and tended to expand their search territory to its maximum extent. Both strategies were most successful in wider and deeper canals where it was easy to establish energy efficient circular territories and both guilds, in consequence, tended to prefer this physical characteristic. This explains why the allochthonous insectivores prefer medium headwaters streams with sandy bottom coverage, in disagreement with Vannote et al. (1980) . These two groups used these overlapping territories during the same period of the day but with a different spatial focus, maybe, to avoid competition, or possibly, due to the location of preferential food. The allocthonous insectivores foraged near the surface while the autochthonous insectivores fed along the bottoms and sides of the channels (A. Kemenes, personal observation).
The distributions of most fish though did not appear to be linked to a specific habitat, but to the mixture of habitats encountered in a location. The diversity of bottom substrates appeared to be a key factor in these headwater streams. The greatest diversity of ichthyofauna was encountered in channels with the highest substrate diversity, which offered the greatest variety of food resources, living conditions and refuges for the existing fish community. These results corroborate the relationships between fishes diversity and habitat complexity found in other studies of Central Amazonia (Araújo-Lima et al., 1998 ), French Guiana (Merigoux et al., 1998 and in North America (Gorman and Karr, 1978) . The significant correlations encountered between habitat diversity and the biomass of general insectivores, number of autochthonous insectivores, and detritivorous insectivore biomass indicated that environmental character might also determine the abundance of specific groups.
The River Continuum Concept may explain the distributions of aquatic invertebrates (Cargnin-Ferreira and Forsberg, 2000) and fishes in tropical and temperate zone stream channels (Magalhães et al., 2002; Pouilly et al., 2005; Romanuk et al., 2006) . In this study, the stream size, the variability of benthic substrates and the diversity of these habitats had influence on the trophic structure and diversity of stream fish communities. The aquatic structure is essential for the headwater fish communities. This result has important implications for the increase of ichthyofauna knowledge in tropical fluvial ecosystems. 
